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Abstract CEBAF Downtime Contribution by System - FY 99

The JeffersonLab nuclear physics accelerator, CEBAF,
continues to reliablygeliver polarized CW electron beams
with energy in the range of 1 - 5.5 GeV. The 33$talled
1500 MHz SRF cavity systems perform solidly,
contributing a smallfraction of the machine downtime.
The 5-passenergy capability has beemushed tonear

6 GeV by application ofin situ helium processing to
almost all of the cavitiesNew operationaltools have
been developed and deployetiich allow the operators to Software
quickly reconfigurethe linacs foroptimal performance
under various energy and beamloadingconditions. Plans
are being developedfor upgradingCEBAF to 12 GeV. Figure 1. Distribution of downtime sources.
This requires anew cryomodule desigand use of 5.5
recirculations for théop energy. Subsystentevelopment
is underway on &-cell cavity, newzero-backlasttuner,
improved magnetic shieldingnd an arc-freevaveguide If
feed, aswell as a newcryomodule mechanicasystem.
Significant facility changes have beerade inpreparation

for this work. A new rf control systemwill also be NSO ) X X
required. apparent limitation as cavity gradients are increased

In addition tothe successfuhuclearphysics program, remains the frequency of arc detector trips alsity. The

the JLab FEL produced &orld-record1.7 kW CW in the phenomenon is now believed welhderstoodandroutines
infrared. An upgrade program is ready to begin. have been developed to systematically manage it.
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down an additionakight cryomodulesreceivedin situ
helium processing, yielding an additional 52 MMmost
all of the installedcryomodules havenow receivedthis
treatmentj The processingreduced field emission in
many cavities, such that routine operati@pproaching
6 GeV arebeing contemplated. Operationally, theost

Significant efforts havealso beendirected insupport of Distribution of Maximum Oper ational SRF Cavity
APT andRIA, as well as collaborationelated tocavity Gradientsin CEBAF by Type of Limitation
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1.1 Operations Sw ] [mow
During fiscalyear1999, CEBAF provided 5360 physics Q%
beam hours with an average active-use multiplicit@ @. 2 —
This included delivery of beams throughout the 10 _
0.8-5.5 GeV range. Use gblarizedelectrons has now 0
becomestandard. No separatmmmissioningperiod was D S A
eco ’ P gp Max Gradient for Ops (MV/m) 59 cor

allocated asthe energy ofthe machine wasncreased. rigyre 2. Gradient limitations for CEBAF cauvities.

There were 4and6-week downs in JanuagndJune for

equipment installation and maintenance. The cryomodulesvere assemblednd commissioned
The sources of unscheduled down time during this yee891-1993. The most commamerformancdimitation is

were well distributed among the different systefhs.[field emission inside the cavities between 5 and

Other than the arc trips, addressed below, the SRF systBhlMV/m. (See Figure 2.) As the cold ceramic window on

directly contributed 48 minutes (less than 0.1%) of tH&e input rf waveguide (~7 cm off the beamline) is

1620 hours of unscheduled dawne. (See Figure 1.) exposed to the resultant electron and x-ray flux, it tends to
While numerous improvements have béeplemented accumulate astatic charge until flash-over occurs,

in many systems, only minahanges have beenade to producingthe rf trip.f] The frequency ofsuch trips is a

the SRF systems. During the January 1999 maintenangjré:ggmy ?pr fg \Qt{ %Zd;%nl}ﬂr;? n:ch;/b(S;Z\r/\i/t?gs to vary
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Thus, whiletheremay becryogenic capacity to absorb
the degradation i@, this arcing phenomenon hascome =~ 2 PREPARATIONS FOR UPGRADE

our practlcalllm.n. Figure 2 showsthe d|str|but|on. of Although designed to deliver 4 GeV, the robustness of the
gradients that yield an arc rate of 3/day for each cavity. installed SRF cavities has permitted convenieintreases

As the CEBAFenergyhas beerincreased, sdas the in energy. CEBAF was first run at GeV in December
sophistication of the toolsised toset up and run the 1998, then increased to 5GeV in March1999. CEBAF
machine. Sinceeach ofthe 330 cavities in CEBAF is ran at5.5 GeV for about 3 months in 1999. The first
individually powered andcontrolled, we have darge attempt todeliver 6.0 GeV beam to an experimentaea

number of degrees of freedom. To get the pesiormance
from the overall system, wehave developed a new
optimization toolfor use by the operators. Thésftware
tool (called LEM++) manages tharcing-relatedrip rate,
total cryogenic loadand rfcontrol margin subject to the
program-definecconstraints ofrequiredlinac voltage and
total beamloading currenf]][ As the accumulated
knowledge of the individual cavitgerformancemproves,

one may translate this into more optimal operation of tl

machine. In thisway the number ofarc trips per day
during 5.5 GeV operationdecreasedrom ~220 to ~60
between March and July 1999. LEM++ also automatical
allocates the available 2 Kad according tdhe rf setup
actually used and historic@, values for each cavity.

The operational capability of the CEBAgfyomodules
is depicted inFigure 3. Theapproach tothe operational
limits of CEBAF is represented in Figure 4.
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Figure 3. Peak capability of the CEBAF cryomodules.
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Figure 4. Approaching the limits of CEBAF.

is scheduled for August 2000. This appears to bdimhi¢

of what the present CEBAF installatiocan provide.
Design concepts have been explored which lead to CEBAF
beam energies of 12 and 24 GeY Jee Figure 5.

CEBAF Upgrade Plan

Probing meson sﬁectroscopy and
gluonic physics with 8 GeV photons

New 80 MV, high Q, 7 cell cryomodules
- Install 10in empty slots-11 GeV
- Replace 8 existing ones-12.6 GeV
® Increasecryo capacity to 8.5 kW—cw at 12 GeV
® Upgradearcs(mostly power supplies
and spreader/recombiners)
Add 10th arc for 5.5 pass acceleration
Add anew hall (Hall D) @ highest ener gy
(photons only)

Accelerator down ~ 1 year
for Installation
and Commissioning

Figure 5. CEBAF upgrade to 12 GeV.

2.1 New cryomodule design

For all upgrade schemes, a new generatioorygdimodules
is required.The cavities for theupgradewill be 7-cell
1497 MHz structuresery similar to the originals-cell
design.Adding the two additional cells permits a 40%
increase in voltage for the same level ofcavity
performance. The rf couplingse being changed. | The
waveguide HOM couplers are being replaced by two
coaxial ports. Thefundamental power coupldnas been
significantly redesigned.The total cryomodule length
increases by-50 cm. Titanium helium vessels will be
built around and integral with each cavity. This eliminates
all helium-to-beam-vacuum flangeand reduces the
required liquid helium inventory.

The upgradedesigncalls for reducedtotal beamcurrent
(maximum of 400 pA). Thistogether with thedesign
gradient of 12.5 MV/m and a detuning allowance,
including microphonics, of 25 Hz, pushes tbptimum
externalQ of the input coupler to 2x110’.



cavities. For the new cryomoduleadditional magnetic
shielding is thugequired to reduc¢he existing ambient
The input waveguide coupler has been redesigned to obfiétds in the CEBAF tunnel, which in some locations are
this value while also dramatically reducing field as high as 4 gauss.

asymmetries on the beamline whigtoduced dransverse ; ;

kick in the original design.[] This redesignhas also 2.6 Residual gas dynamics
significantly reduced dimensional sensitivity of the Experience with CEBAF has demonstratedthat the
coupler geometry. As eonsequencaghe newcryomodule adsorbed gas ithe thermal transition region of theput
design does not require interior bellows on the beamlinerf waveguide can benstable. Although onend of the

To eliminate the susceptibility tarcing at thecold waveguide provides amxcellent 2 K cryopump, for
ceramicwindow, the newdesignhas none. Thenput severalcavity systems,rapid changes of rf conditions
waveguide is retainedyut theceramic window ismoved stimulates anobserved pressuréurst (>x107 torr).
out to roomtemperatureand the optionfor eliminating Because it ismost mobile, excessive hydrogen is
its line-of-sight from the cavityincorporatedinto the considered to be the culprit, either directly, or as a catalyst
waveguide. for transient desorption of other species.

2.3 Tuner and rf controls An examination of the gadynamicsand appropriate
gas source controls has begun, so that wan assure
For the upgrade cryomodule, thandwidth(~75 Hz)will  stableperformance othe upgradecryomodules operating
be significantly less than theorentz detuning (~500 Hz at still higher gradients.
at 125 MV/m) In addition, to minim.ize rf power 3 FREE ELECTRON LASER
requirements, we want to keep each cavity accuraiabd
(~2 Hz). Present designs call for a néuning system 3 1 QOperations
with two parts: acoarsetuner with arange of+200 kHz
and resolution of 100 Hz, and a fine tuner witrange of The JeffersonLab IRFEL is theworld’s most powerful
+1 kHz and resolution of 1 HZ[ tunable source of coherent CW photons. In July 1999, the

A new rf control systenwill be needed todeal with FEL producedl.7 kW CW at 3.1 microns. This was
these moredemandingcontrol requirementsOperational accomplishedising oneeach of modifiedsersions of the
efficiency makes the use of self-excitedloop for each CEBAF quarter andfull cryomodules, and employing
cavity appear very attractive. energy recovery byeturning the spentlectron beam
through the SRF cauvities.

The FEL isintended toserve as a demonstratidest
The price to bepaid to increasehe active lengthfilling ~ bed for industrial processes using intense, tunable photons
fraction by changing from five to seven cells per cavity igsing technology which isscalable to much higher
the relinquishment of théhermetic cavity pair’concept average powers.
used in the original CEBAF design.f] We are thus

. ) L nkeet"
preparing to gssemble an eght—cavﬁ;nng for each Optlcnl Wiggler ",
module.as a single clean operation. N . A

Consistentperformance othe upgradecavities will be i £ ]

very important. A series gbrocess-developmengsts has
begun, from which weexpect to establish improved

proceduredor cavity preparatiorand assembly)f] These 'Jrlalfl.-::.::rl el e
tests are addressinghe various chemical processing,Figure 6. Schematic layout of the JLab IR FEL.
cleaning, storage, evacuation, rinsingnd assembly
processes.

To provide improved processontrol for cavity
processing, we have recently installed threstomcavity
processing stations within our cleanroofne station
provides fully automated flow-through chemical
processing. It has beantegratedinto our acid transfer
systemandultrapure watersystem. Another station is a
high pressure rinsecabinet. The third is a final
rinse/cavity storage station. All are sized to handreceall
upgrade cavity as well as 5-cell 700 MHz cavities.

2.2 New input coupler

2.4 Process modifications

Up to 4.4 mA is routinelyand reliably being
recirculated with energy-recovery the FEL’s SRF linac,
with  no signature of longitudinal ortransverse
instabilities.

In order to addresscalability issues, experiments are
underway to observe the multipass beam breakup
threshold current ofhe present configuration iorder to
test the accuracy of existing models. Additional
experimentaland theoretical studiesare in progress to
model possible energy instabilities thatcan arise as
2.5 Magnetic shielding fluctuations of the cavities'fields couple to the
momentum compaction of therecirculator, energy

To keep the cryoplant requirements manageable,aperture’ and the FEL.

consistently highQ, values will be required of thepgrade



The short (~ps) bunchemdhigh peak currengenerate
a significant amount ohigh-frequency higher-order-mode
power.f] One particular symptom encountered was Small efforts are also directed at finding suitable
anomalous indications from the thermopile tRtectors alternatives to the wet chemistugedfor niobium cavity
which are used to provide anterlock for overheating of Surfacepreparation. Wereexamining the use dhermal
the warm rf window in CEBAF cryomodules. THetector aNd plasma etching, as well as rapid surface remelting by a
sits in a tube set into th@aveguidesidewall. The tube is global e-beam treatment of an entire cavity surface.
well beyond cutofffor the fundamentalbut not for the 4.6 RIA & APT work
HOM's above 11 GHz, whiclare readilyproduced by the
FEL bunch train. Installation afopper screens appears t
have solved the problem.

4.5 Alternatives to wet chemistry

Lab has been collaboratimgth staff from several other
Institutions in support of a newacceleratofacility for the
production of rare isotopes (presently known as “RIA”). In
3.2 IR FEL upgrade particular, JLab has contributed tiesignand fabrication

While we are continuing to support initialiser tests and of a new superconducting low-beta structanel low-level

beam dynamicsstudies, planshave beenprepared to contr_ol systemsf] Several _staff memberg_ also
upgradethe IR FEL to use a 10 mA, 160 Mebeam. contributed to cqnceptugl planning for such afaC|I_|ty.
This will requirethree high-performance cryomodules and JLab hasprovided assistance to the APT project by

additional power fothe two injector cavities. Wexpect testing corgpton;antand r:gsjrlfymgt_ fac_|I|t|tﬁs n or_der to
to proceed with this upgrade over the next three years. process and test some cavities in the coming year.
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